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1. Title of the Invention 

Word Line Driving Circuit for Dynamic RAM 

2. Claims 

(1) A word line driving circuit for dynamic RAM is comprised of a charging 
circuit for charging an output terminal to a first voltage and is connected through means 
for stopping reverse current at an output terminal connected to a word line and a boosting 
circuit for boosting the voltage of the output terminal from the first voltage to a second 
voltage and is connected through a transfer gate to the output terminal. 

(2) A word line driving circuit for dynamic RAM according to claim 1, wherein 
the charging circuit is a CMOS inverter that is controlled by a clock. 

(3) A word line driving circuit for dynamic RAM according to claim 1, wherein 
the means for stopping reverse current is a pn-junction diode. 

(4) A word line driving circuit for dynamic RAM according to claim 1, wherein 
the means for stopping reverse current is a MOS diode. 

3. Detailed Description of the Invention 
Object of the Invention 

Field of Industrial Application 

The present invention relates to a word line driving circuit for_dynamic random 
access memory (DRAM) that has a memory cell structure of one transistor/one capacitor. 



2 ~ 



Prior Art 

When a power supply voltage Vcc is written to a cell capacitor in a DRAM 
having a memory cell configuration of 1 transistor/1 capacitor, a boosting voltage of at 
least Vcc + Vth (Vth is the threshold voltage of the MOS transistor) must be given to the 
gate of a switching MOS transistor. When the gate voltage of the MOS transistor was set 
to Vcc, because the MOS transistor turns off when the source is boosted up to Vcc - Vth, 
only up to Vcc - Vth is written to a cell capacitor connected to the source. 

The gate electrodes of switching MOS transistors in the DRAM are shared by a 
plurality of memory cells and become a word line. For example, in a 4-Mbit DRAM, 
-2000 MOS transistors are connected in one word line. Therefore, a word line has a large 
capacitance, and the time needed to boost the word line as a percentage of the DRAM 
access time is a large percentage of about 10%. Therefore, the design of the boosting 
circuit for driving a word line is an important element in achieving high-speed DRAM ^ 
operation. 

The configuration and operation of a conventional word line driving circuit for 
DRAM are explained by using Figures 18 and 19. Figure 18 shows only the minimum 
required circuit elements of the word line driving circuit. C is a boosting capacitor. Ql 
is a MOS transistor for charging the boosting capacitor C. Q2 is a transfer gate transistor- 
for transferring the boosting voltage to the output terminal OUT that is connected to a_ 
word line. Q3 is a MOS transistor for discharging the output terminal OUT. All of the 
MOS transistors Ql to Q3 are n-channel transistors. 

Figure 19 shows the operating waveforms of this driving circuit. In the word line 
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not selected state, clocks <|>1 1, <|>12, <|>13 are all at the "L" level. Consequently, the MOS 
transistors Q2, Q3 are off. Node N of the capacitor C is charged up to Vcc - Vth, where 
Vth is the threshold voltage of MOS transistor Ql, by the MOS transistor Ql . Depending 
on the situation, the gate of MOS transistor Ql is controlled by the boosting voltage 
independent of the drain, and node N2 may charge up to Vcc, but this is not considered 
here. Next, clocks 4>1 1, <|>12 become the "H" level from the "L" level. Therefore, the 
voltage of node N is boosted to at least Vcc by the action of capacitance C and is supplied 
to the output terminal OUT through the transfer gate MOS transistor Q2 that was turned 
on by this boosted voltage. The "H" level of clock (j)l 1 is boosted to at least Vcc so that 
the voltage boosted at node N is supplied to word line WL without being reduced by the 
threshold voltage of MOS transistor Q2. The voltage boosted to at least Vcc is given to 
the word line. When clocks <|>1 1, <j>12 return to the M L" level and (j) 13 becomes the "H" 
level, the transfer gate MOS transistor Q2 turns off; MOS transistor Q3 for discharging 
turns on; and word line WL is discharged and becomes the "L" level. 

This conventional technique has the following two problems. _ 
First, because the word line WL has a large capacitance, the capacitance of the 
boosting capacitor C must be sufficiently large in order to obtain an adequate boosting 
voltage. Here, the required boosting voltage is Vcc + a. The charge of C(Vcc-Vth) as 
described earlier is pre-charged in the boosting capacitor C. This charge is boosted by 
clock <J>12 = Vcc, passes through the transfer gate MOS transistor Q2, and is distributed to 
the capacitance of the word line WL that is connected to the output terminal OUT. Let 
the capacitance of the word line WL be Cl, then a comparison of the charge before and 
after the distribution becomes 
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Cot "+ C L (Vcc + a) = C (Vcc - Vth) 
therefore, 

C = (Vcc + a) C L / (Vcc - a - Vth) (1) 

For example, if C L = 5 pF, Vcc = 4 V, a = 1 V, and Vth = 1 V, then C = 12.5 pF. When 
the capacitor having this capacitance is fabricated from a MOS transistor having an 150 
A-thick gate oxide, the required area is 5500 jam 2 . In order to obtain a clock <j)12 for 
driving this kind of large capacitor, the driving circuit must be large. 

The second problem is the dimension of the transfer gate MOS transistor Q2 and 
the transfer capacity. To rapidly transfer the charge C L (Vcc + a), the gate width of this 
MOS transistor Q2 must be extremely large. Moreover, when the MOS transistor Q2 is 
n-channel, because voltage V G s between the gate and source becomes smaller as the 
output increases and the threshold voltage increases due to the application of the back 
gate bias, the boosted waveform of the output voltage is lessened even if the gate width 
was increased. Furthermore, since the gate of MOS transistor Q2 must be boosted to at 
least Vcc + a + Vth, the capacitor of the boosting circuit also increases in size to the 
extent that the gate width increases. 

Problems to Be Solved by the Invention 

The driving circuit that gives the boosting voltage to the word lines of a 
conventional DRAM requires an extremely large area for the boosting capacitors in order 
to achieve high-speed access. The transfer gate MOS transistor must have a larger gate 
width and maintain a large charge transfer capacity. The problem is although the gate 
width increased, the output boosting waveform was lessened by the back gate bias. 
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An object of the present invention is to provide a word line driving circuit for 
DRAM that reduces the area of the boosting capacitor and enables high-speed access. 

A further object of the present invention is to provide a word line driving circuit 
for DRAM that reduces the gate width of the transfer gate MOS transistor or reduces the 
area of the boosting capacitor of the gate, and enables high-speed access. 

Structure of the Invention 

Means to Solve the Problems 

The word line driving circuit for DRAM related to the present invention is 
comprised of a boosting circuit that is connected through the transfer gate to the output 
terminal connected to the word line and a separate charging circuit that is connected to 
the output terminal through means for stopping reverse current. For example, the 
charging circuit is controlled by the clock and pre-charges the output terminal to the 
power supply voltage or a lower first voltage. Then the boosting circuit is operated and 
the output terminal is boosted from the first voltage to a second voltage. 

Operation 

The word line driving circuit of the present invention boosts the voltage of the 
output terminal connected to the word line to the desired voltage in two steps. 
Consequently, compared to the conventional technique that boosts the output terminal to 
the desired voltage from 0 V in one step, the capacitor of the boosting circuit can be 
small. Since means for stopping reverse current is provided at the output of the charging 
circuit, the charge does not flow into the charging circuit when the boosting circuit 
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operates and the voltage of the output terminal is boosted up to the second voltage. High- 
speed access becomes possible by pre-charging the word line to the first voltage by the 
charging circuit. The boosting circuit can boost from the first voltage to the second 
voltage as described above. The gate width of the transfer gate for transferring the charge 
of the boosting capacitor does not have to be exceptionally large. 

Embodiments 

Embodiments of the present invention are explained below. 

Figure 1 is a schematic of the important elements of the word line driving circuit 
of one embodiment. The boosting circuit 1 is comprised of an n-channel MOS transistor 
Ql that connects the drain and gate to the power supply voltage Vcc and a boosting 
capacitor C that has one end connected to the source of the MOS transistor Ql and the 
other end inputs the clock <|>3 for voltage boosting. The output node N2 of the boosting 
circuit 1 is connected to the output terminal OUT that is connected to the word line WL 
through the n-channel MOS transistor Q2 acting as the transfer gate. An n-channel MOS 
transistor Q3 for discharging is provided at the output terminal OUT. Separate from the 
boosting circuit described above, a charging circuit 2 is provided at the output terminal 
OUT. In this embodiment, the charging circuit 2 is a CMOS inverter that is comprised of 
a p-channel MOS transistor Q4 and an n-channel MOS transistor Q5 and is controlled by 
clock <j)l . The output node Nl is connected to the output terminal OUT through a pn- 
junction diode D for stopping reverse current. 

" The operation of the word line driving circuit fabricated in this manner is 
explained with reference to Figure 2. Clock (|>1 has an "H" level (= Vcc). Clocks §2 and 
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<|)3 have "L" levels (= 0 V). First, clock tyl becomes the "L" level from the "H" level. 
Therefore, the output node Nl of the CMOS inverter, which is the charging circuit 2, 
becomes the "H" level, and the output terminal OUT is boosted to a first voltage VI . If 
the voltage of the pn-junction diode D drops to Vb, the first voltage is VI = Vcc - Vb. 
Generally, since the forward current of the diode flows as an exponential function of the 
voltage, the current is not limited by the pn-junction diode D. Therefore, if the gate 
width of the p-channel MOS transistor Q4 comprising the CMOS inverter is large, the 
output terminal OUT rapidly rises. When the word line WL charges up to Vcc - Vb, 
since the bit line of an ordinary DRAM is pre-charged to (1/2) Vcc, the transfer gates 
MOS transistors of all of the memory cells connected to the selected word line turn on. 
Therefore, the read operation is possible in the stage that is charged to the first voltage. 

Restoring data "1" (= Vcc) to a memory cell boosts the word line to at least Vcc. 
This operation makes clock §2 active and turns on the transfer gate MOS transistor Q2, 
and then makes clock <(>3 active and drives the capacitor C. In this embodiment, since the 
n channel is used in the transfer gate MOS transistor Q2, the boosting voltage is used in 
clock <j)2. From the action of boosting circuit 1, the output terminal OUT that is pre- 
charged to the first voltage VI is boosted up to the second voltage V2 (= Vcc + a). 

When the word line is discharged after the restore, clock <J>1 is set to the "H" level 
from the "L" level and the output node Nl of the CMOS inverter is set to the "L M level. 
Next, clock <|>4 is set to the "H" level, and MOS transistor Q3 for discharging turns on. In 
this embodiment, the transfer gate MOS transistor Q2 is kept off, and unnecessary 
discharging from node N2 is prevented. 

In this embodiment, since the desired boosting voltage, that is the second voltage 
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V2, is the same as the conventional voltage, the capacitance needed in the boosting 
capacitor C corresponding to equation (1) in the conventional example considers the first 
voltage VI = Vcc - Vb that is pre-charged and becomes 
C = (a + Vb) C L / (Vcc - a - Vth) (2) 

In other words, compared to the conventional technique, the capacitance of the boosting 
capacitor can be sufficiently small. The read-out action of a memory cell guarantees 
high-speed access because the action can be performed in the state where fully charged to 
the first voltage. The transfer gate MOS transistor Q2 can transfer little charge compared 
to the conventional case and have only the necessary small area. 

Next, several other embodiments of the present invention are explained. In the 
embodiments described below, detailed descriptions of corresponding parts in Figure 1 
are omitted for parts having the same reference numbers as in Figure 1 . 

Figure 3 shows an embodiment in which the transfer gate MOS transistor Q2 is p 
channel, which is the opposite of Figure 1. 

The operating waveforms of the word line driving circuit of this embodiment 
correspond to Figure 2 and are shown in Figure 4. Clock <|>2 has the reverse polarity of 
the previous embodiment. Since clock <J)2 is set to 0 V and the voltage of node N2 can be 
transferred to output terminal OUT without a voltage drop at the p-channel MOS 
transistor Q2, a boosting voltage is not required at clock §2 in this embodiment. 

This embodiment obtains an effect similar to the previous embodiment. 

Figure 5 shows an embodiment that uses an n-channel MOS diode MD having the 
common connection of the p-type well, gate, and drain as the diode provided at the output 
node Nl of the charging circuit 2 in the embodiment in Figure 3. In this case, the 
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charging current flows through the MOS transistor channel and simultaneously flows 
through the pn junction between the p-type well and the source. This is not a problem if 
the n-type substrate (or n-type well) in which a p-type well is formed is biased to at least 
Vcc. Similar modifications are possible for the embodiment in Figure 1 . 

Figure 6 shows an embodiment in which the transfer gate MOS transistor Q2 in 
the embodiment in Figure 5 is n channel and the gate and p-type well are connected 
together. In this embodiment, when the clock § becomes the "H" level, the MOS 
transistor Q2 turns on and the charge from node N2 is transferred to the output terminal 
OUT, and simultaneously the "H" level is applied to the p-type well. 

Thus, according to this embodiment, the threshold increase and current decrease 
caused by the back gate bias of the transfer gate MOS transistor Q2 are suppressed, and 
the charge is transferred at high speed from the boosting circuit. 

In this embodiment, the p-type well of the MOS transistor Q2 must be exclusively 
used by the MOS transistor Q2. Since an "H" level is applied to the p-type well of the 
transfer gate MOS transistor Q2, a high voltage at least equivalent to the "H" level must 
be applied to the n-type substrate (or n-type well) surrounding this p-type well. 
Therefore, the effects on other circuits could be prevented by giving an "H" level to the 
p-type well. If the above condition is satisfied, a forward bias develops between the p- 
type well and the source, and direct charging of the output terminal OUT by clock $2 is 
not impeded. The preferred high-speed charging is enabled. 

Figure 7 illustrates in further detail the clock <|>2 based on the embodiment in 
Figure 3. A part comprised of p-channel MOS transistors Q6, Q7, n-charmel MOS 
transistors Q8, Q9, and an inverter DSTV comprises a decoder buffer. In other words, in 
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practice, a boosting circuit 1 is not only provided for each word line, but is provided for a 
plurality of word lines. By inputting an address signal as clock (|)2, the boosting voltage 
is given only to the word line of the selected address. 

Figures 8 to 16 show specific configurations of the pn-junction diode D that is 
provided at the output node Nl of the charging circuit 2. In Figures 8 to 10, a p-type 
substrate 1 1 is used and an n-type well 12 is formed therein. Then a p + -type layer 1 3 that 
becomes the anode and an n + -type layer 14 that becomes the cathode are formed in the n- 
type well 12. In Figures 1 1 to 13, a p + -type layer 23 and an n + -type layer 24 are formed 
in a p-type well 22 formed in an n-type substrate 21 . In Figures 14 to 16, an n-type 
substrate 3Hs used and a p-type well 32 is formed therein, then an n-type well 33 is 
formed therein. A p + -type layer 34 and an n + -type layer 35 are formed in the n-type well 
33. Unmodified CMOS and DRAM fabrication processes can easily fabricate the pn- 
junction diode D. 

Figure 17 shows a configuration of the MOS diode MD explained in the 
embodiment in Figure 5. A p-type well 42 is formed in an n-type well 41 . A gate 
electrode 43~ and source and drain diffusion layers 44, 45 are formed in the p-type well 
42 to fabricate an n-channel MOS transistor. Furthermore, a p + -type layer 46 and a drain 
diffusion layer 44 formed in the p-type well 42 and a gate electrode 43 are connected. If 
a p-type substrate is the starting substrate, an n-type well is formed and a p-type well is 
formed therein as in the figure, and an n-channel MOS diode can be fabricated. 

The present invention can embody various forms. For example, a CMOS inverter 
is used as the charging circuit, and a driving circuit using bipolar transistors or a driving 
circuit using n-channel MOS transistors can be used. 
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Effects of the Invention 

According to the present invention as described above, the capacitance of the 
boosting capacitor can be decreased without damaging the high-speed access 
performance. Furthermore, the present invention can provide a word line driving circuit 
for DRAM that can reduce the gate width of the transfer gate MOS transistor. 

4. Brief Description of the Drawings 

Figure 1 is a schematic of the important elements of the word line driving circuit 
related to one embodiment of the present invention. 

Figure 2 is a graph of the signal waveforms for explaining the operation of Figure 

1. 

Figure 3 is a schematic of the important elements of the word line driving circuit 
o ^another embodiment. 

Figure 4 is a graph of the signal waveforms for explaining the operation of Figure 

3. ~ 

Figure 5 is a schematic of the important elements of the word line driving circuit 
of another embodiment. 

Figure 6 is a schematic of the important elements of the word line driving circuit 
of another embodiment. 

Figure 7 is a detailed drawing of the configuration of the transfer gate driver in 
Figure 3. 

Figures 8 to 16 show examples of the pn-junction diode used in each of the above 
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embodiments. 

Figure 17 is a schematic of a similar MOS diode. 

Figure 18 show the important elements of a conventional word line driving 

circuit. 

Figure 19 is a graph of the signal waveforms for explaining the operation of 
Figure 18. 
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